This case report describes the radiographic and ultrasonographic findings of three surgically confirmed cases of mesenteric volvulus or intestinal torsion in dogs. In all three cases, ultrasonographic findings included segmental ileus and absent or markedly reduced peristalsis of the affected small intestine, and partial loss of wall layering with increased overall echogenicity of the intestinal wall, but with normal to mildly increased wall thickening. No blood flow was detected in the affected small intestinal wall when assessed with colour Doppler. A moderate amount of peritoneal effusion was also detected with hyperechoic omental and mesenteric fat tissue throughout the peritoneal cavity. Few reports describe ultrasonographic findings of small intestinal ischemia in small animals. In all three cases presented here, ultrasound was helpful in demonstrating typical intestinal wall changes and helped to obtain the correct diagnosis of ischemic disease of the small intestine.
Introduction
Mesenteric volvulus or intestinal torsion is a rare cause of acute abdomen. The condition is life-threatening and requires rapid stabilization of the patient and surgical intervention. Mesenteric or intestinal volvulus is defined as twisting of the intestine on its mesenteric attachment [1] . Sometimes the term mesenteric gastrointestinal foreign bodies [8] [9] [10] [11] . There are fewer case reports describing partial or segmental small intestinal volvulus in dogs. In two case reports describing localised jejunal volvulus in dogs, the condition was diagnosed two months after surgically treated intussusception or was secondary to intra-abdominal adhesions due to previous gastric foreign body surgery [12] [13] .
This case report describes radiographic and ultrasonographic findings in three surgically confirmed cases of small intestinal ischemia related to mesenteric volvulus or intestinal torsion.
Case Report

Cases
Three dogs presented to the emergency service because of acute vomiting and abdominal discomfort at the Veterinary Teaching Hospital of the University of Helsinki, Finland between 2013 and 2014. Case 1 was an intact 6.5-year-old male Dachshund, case 2 was a 3-month-old intact male Tibetan terrier, and case 3 was a 1.5-year-old intact female Bichon frise. Case 1 and 2 had experienced symptoms approximately 6 and 15 hours respectively before presenting to the hospital. Case 3 had already started vomiting two days prior and had visited a veterinarian on the previous day. Supportive treatment, and an antiemetic drug had been given to the dog, but vomiting continued and the general condition of the dog deteriorated. All dogs had vomited several times and Case 3 also had hematochezia. The owner of the Dachshund reported that the dog had a tendency to chew toys and some other foreign objects. However, none of the dogs had undergone previous surgical procedures related to small intestinal obstructions.
The owner of the Dachshund also reported that the dog had lost some weight during the previous months, but otherwise all three dogs had been reported to be generally healthy before the acute episode of vomiting.
In clinical presentation, all dogs showed signs of hypovolemic shock. They were very apathetic and tachycardic (heart rate 140 to 190 beats per minute), all E. Rautala et al. Open Journal of Veterinary Medicine had pale mucus membranes, prolonged capillary refill timed, and/or weak peripheral pulse. In all three dogs, abdominal palpation was painful, and in two dogs thickened intestinal loops or a mass like structure was felt with abdominal palpation.
Imaging Findings
Laterolateral and ventrodorsal abdominal radiographs were performed for all three dogs. In two dogs (case 1 and 2), radiographic findings included multiple fluid-and gas-filled moderately to severely dilated small intestinal loops (1.9 -2.6 × L5 height) (Figure 1 ). In both cases the stomach was partly gas-filled but normally positioned and normal in size. There was normal faecal content in the colon. Radiographic findings suggested a segmental ileus of the small intestine, most likely due to mechanical obstruction, e.g. due to a foreign body. However, no radiopaque foreign bodies were detected. Loss of serosal detail was also noted, which was thought to be due to the small amount of intra-abdominal fat or peritoneal effusion. In case 3, in the ventral part of the abdomen, there were multiple distended intestinal loops that contained numerous small gas bubbles and some material composed of fluid or soft tissue opacity ( Figure 2 ). Based on the findings, either distended small intestinal loops or displaced colon was suspected. The caudal part of the colon was empty. The stomach was gas-and fluid-filled and distended. amount of peritoneal effusion was detected with hyperechoic omental and mesenteric fat tissue throughout the peritoneal cavity. In all dogs, part of the small intestine including the proximal duodenum was normal or only slightly dilated in diameter and showed normal wall layering. There were no findings to support mechanical obstruction due to foreign body. In addition to findings described above in case 3 the affected small intestinal loops contained small gas bubbles and some strand-like structures of soft tissue echogenicity. The location of the small gas bubbles varied and in some parts of the affected small intestine they were suspected to be in the wall of the intestine rather than just in the lumen 
Outcome
Exploratory laparotomy under general anesthesia was performed for all three cases. In case 1, the laparotomy revealed partial volvulus of the small intestine.
Approximately half of the jejunum and whole ileum seemed necrotic when observed macroscopically. Intestinal resection was performed and half of the jejunum, ileum, ileocolic junction, and cecum were removed and the jejunum was joined to the colon. In case 2, the main finding of the laparotomy was a 20 cm segment of dark-coloured small intestine at the area of mid jejunum, that had rotated around itself on its long axis. The affected jejunal segment was resected.
In case 3, the exploratory laparotomy revealed a dark-red to almost-black segment of small intestine. With further evaluation it was noticed that about 2/3 of the jejunum and the whole ileum were twisted on the mesenteric attachment and appeared necrotic. Intestinal resection was performed and the affected part of small intestine, the ileocolic junction, and cecum were removed. In all three cases, a moderate amount of peritoneal free fluid was noted but no clear signs of peritonitis were detected.
All dogs received postsurgical supportive care in the intensive care unit. Case 2 and 3 recovered from surgery without complications and were discharged from the hospital the next day. Despite receiving intensive care, the condition of case 1 deteriorated the next day and the owner elected for euthanasia of the dog.
In case 3, diarrhoea started soon after surgery and persisted despite dietary modifications. With tylosin medication (Tylosin tartrate, 120 mg, Yliopiston Apteekki, Finland), diarrhoea stopped but reoccurred when medication was tapered down and stopped. Tylosin-responsive diarrhoea was suspected and tylosin medication was continued with the lowest possible dose continuously [15] [16].
Discussion
There are few reports describing ultrasonographic findings in ischemic diseases [19] . In humans, ultrasonography has been used to detect mesenteric volvulus, especially in infants [20] . A whirl sign in which the superior mesenteric vein and mesentery wind around the superior mesenteric artery in a clockwise direction has a good predictive value for midgut volvulus in children with congenital midgut malrotation [20] [21] .
Other potential ultrasonographic findings of mesenteric ischemia due to various causes include ileus, reduced or absent intestinal peristalsis, and peritoneal effusion. The appearance of the intestinal wall may be altered due to intestinal wall oedema, the mucosa could change from anechoic to hyperechoic, and submucosa from hyperechoic to hypoechoic [22] . As the condition progresses, intramural or intra-abdominal gas might occur [22] . Intestinal wall ischemia has been evaluated by using colour Doppler ultrasound in humans. Absent or decreased flow signal has been related to intestinal wall ischemia compared with increased flow signal in inflammatory bowel diseases [23] [24] . However, Colour Doppler ultrasonography has some limitations in detecting blood flow, especially in small and slow-flowing vessels [25] . Contrast-enhanced ultrasonography (CEUS) has also been successfully used to diagnose intestinal wall ischemia in humans [26] [27]. However, CEUS is not routinely used in veterinary practice and its availability is limited to more advanced diagnostic imaging units. Computed tomography (CT) with contrast medium is the gold standard for diagnosing acute mesenteric ischemia in humans [22] . Intestinal ischemia can be caused by various conditions such as arterial occlusion, venous occlusion, strangulating obstruction, hypoperfusion associated with non-occlusive vascular disease, ischemia-reperfusion injury, and ischemic colitis each presenting a characteristic CT appearance that aids correct diagnosis in humans [22] [28] . Possible CT findings in small intestinal volvulus include segmental or generalized dilatation of small intestine, intestinal wall thickening, halo appearance and hyperaemia of the intestinal wall, whirl sign, beak-like appearance of the small intestine and closed loops. The abnormal courses of superior mesenteric artery and vein can also be detected [29] .
In dogs, mesenteric volvulus or intestinal torsion is usually diagnosed based on clinical findings, radiography and exploratory laparotomy [3] [4] [30] [31].
However, especially in a case of partial mesenteric volvulus or intestinal torsion radiographs can have non-specific findings. This was noted also in our three cases as a failure to reach conclusive diagnosis based on radiographs. In a case of localised mid-jejunal volvulus, abdominal radiographs showed segmental dilatation of the small intestine and loss of serosal detail which are similar findings as in our cases 1 and 2 [12] . Segmental jejunal entrapment, volvulus and strangulation were described in a Dachshund and also in this case similar findings were recorded. Radiographs showed dilated stomach and small intestine with moderate amount of gas and fluid content and mild loss of serosal detail [13] . In complete mesenteric volvulus distended gas-filled small intestinal loops lying parallel to each other can be observed [3] . Open Journal of Veterinary Medicine
The ultrasonographic features of small intestinal entrapment without using Doppler was described after abdominal surgery in five dogs [17] . Similar findings compared to cases in our study were found. In four dogs, a focal non-motile small intestinal loop with surrounding hyperechoic mesenteric fat was noted. In one of the dogs, the intestinal wall was thickened and corrugated, and in one dog the wall layering of the affected small intestine appeared indistinct. A local accumulation of free fluid around the affected small intestine or generalised abdominal effusion was observed in four dogs [17] . Ultrasound was used to diagnose mesenteric infarction and jejunal necrosis in a cat [18] . Ultrasonographic findings were partly similar as in our cases but appeared clearly later. At initial ultrasound examination, there was segmental small intestinal dilatation with mildly thickened intestinal wall but preserved wall layering. Similar findings were recorded in follow-up ultrasound examination 24 hours later. However, 48 hours after initial presentation ultrasound examination demonstrated clearly thickened intestine wall with loss of wall layering. The wall was hypoechoic which was contradictory to our cases; but a hyperechoic mesentery and small amount of peritoneal free fluid was noticed around the affected small intestinal loop, which was in agreement with our findings [18] . Radiographic and ultrasonographic findings related to mesenteric torsion were described in a 1.5-year-old crossbreed dog [6] . Recorded findings were similar as in our cases, however, in ultrasound examination Doppler mode was not used. Abdominal radiographs showed gas-filled and moderately distended loops of small intestine and loss of serosal detail. Ultrasound examination demonstrated distended gas-and fluid-filled small intestinal loops without peristaltic movement and peritoneal effusion [6] . In some cases of prolonged vascular compromise, necrosis of the intestinal wall and sloughing of the mucosa can lead to thinning of the intestinal wall and amorphous echogenic contents of the intestinal lumen [32] .
CT imaging findings of multiphase contrast-enhanced CT have been described in a single dog with mesenteric volvulus including whirl sign, contrast enhancement of the arterial and venous vasculature of the small intestine, moderate contrast enhancement of the small intestine, engorgement of and thrombus formation within jejunal veins, moderate fluid distension of the small intestine, small volume of peritoneal fluid, and left sided displacement of the cecum and ascending colon [19] . Similarly, a whirl sign was also observed in a German shepherd dog with ileocecocolic volvulus [33] . In both cases, abdominal radiography and ultrasonography were inconclusive for volvulus. In the case of mesenteric volvulus, however, ultrasound examination done prior to CT revealed marked distension of the small intestine with reduced definition of wall layering, hypomotility, and a small amount of peritoneal effusion [19] . Potential nephrotoxicity, the risk of an allergic reaction to the contrast agent, and need of general anaesthesia or sedation, limit the use of CT in critically ill patients [22] . In intestinal volvulus, the thin walled veins and lymphatics are usually obstructed first, leading to oedema of the intestinal wall [1] . Eventually the mesenteric artery and its branches are obstructed, resulting in necrosis of the intestinal wall [1] . The severity of ultrasonographic changes most likely correlates with the severity and duration of the vascular blockage. In all three of our cases, the affected small intestinal wall was hyperechoic and there was loss of layering. This is most likely due to oedema, hemorrhage and necrosis of the intestinal wall [22] [32]. In case 3 there were strand-like structures in the lumen of the intestine and small gas bubbles within or adjacent to the wall of the intestine. In this case, the dog had had symptoms already for two days and most likely the duration of the vascular blockage was longer than in other two cases. Therefore, the strand-like structures and small gas bubbles most likely represent disruption of the mucosal barrier and sloughing of the mucosa due to vascular compromise [32] . In all three cases the affected small intestine was severely dilated and no peristalsis was observed in this part of the intestine. In these three cases the proximal part of the gastrointestinal tract was normal or only slightly dilated which is opposite to typical mechanical obstruction (e.g. due to foreign body) in which the gastrointestinal tract proximal to obstruction shows the most severe changes. No Doppler signal was present in the examined affected small intestinal loops compared with non-affected loops presenting clearly detectable blood flow. The limitations of colour Doppler ultrasonography such as false signal due to motion artefact should be taken into consideration and multiple sites of the affected intestine should be examined. In addition to changes observed in intestinal wall, a whirl sign can be used to help diagnosing mesenteric volvulus. However, it was not Open Journal of Veterinary Medicine visualized in our cases. In all three ultrasound examinations a moderate amount of peritoneal effusion with hyperechoic mesenteric and omental fat tissue was noted. The fluid could represent septic or non-septic exudate due to inflammation and increase in mesothelial and endothelial permeability [34] . The biochemical and cytological analysis of the peritoneal fluid was not performed, however, in the exploratory laparotomy no clear macroscopic signs of peritonitis were observed in any of the dogs.
Conclusion
In the three described cases, ultrasound was helpful in demonstrating uniform intestinal wall changes and reduced or absent blood flow in the intestinal wall.
Our findings strongly suggest that mesenteric volvulus or intestinal torsion needs to be included in the differential diagnosis list of acute abdomen in dogs of all sizes and ages. In the case of disrupted blood circulation, a fast surgical intervention is required to increase patient survival. In addition to radiographs and CT, ultrasonography can provide a quick and noninvasive technique to source additional information and to reach correct diagnosis without need for sedation or general anaesthesia.
